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© The offset from' the ideal value for the . bias 
voltage to be added to the input signal to the A/D 
converter (4) and the offset from the ideal value of 
the average voltage in the analog signal are de- 
tected. The detected offset is subtracted from the 
output data of the A/D converter (4). Alternately, the 
bias voltage may be changed by the detected offset 
so that the average voltage of the input signal to the 
A/D converter (4) is equal to the ideal value. 
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© Analog-to-digital converter circuit. 

® The offset from the ideal value for the bias 
voltage to be added to the input signal to the A/D 
converter (4) and the offset from the ideal value of 
the average voltage in the analog signal are de- 
tected. The detected offset is subtracted from the 
output data of the A/D converter (4). Alternately, the 
bias voltage may be changed by the detected offset 
so that the average voltage of the input signal to the 
A/D converter (4) is equal to the ideal value. 
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1 EP 0 483 

The present invention relates to an analog-to- 
digitai (A/D) converter circuit, more specifically to 
an A/D converter circuit capable of removing an 
offset in an input of an analog signal. 

A conventional A/D converter circuit for effi- 5 
ciently performing analog to digital conversion by 
biasing the input signal level by a predetermined 
level is constructed as illustrated in FIG. 9. That is, 
the analog signal applied to an analog signal input 
terminal 1 is first applied to a bias voltage sum- 10 
ming circuit 2 in which a bias voltage from a bias 
voltage generation circuit 3 is summed with the 
analog sinal before being applied to the A/D con- 
verter circuit 4. The A/D converter circuit 4 is 
provided with a high potential reference voltage 15 
input terminal 5 and a low potential reference volt- 
age input terminal 6 for quantizing the analog sig- 
nal in the voltage range from the low potential 
reference voltage to the high potential reference 
voltage. If the number of quantization bits is, for 20 
example, 8 bits, the output from the A/D converter 
circuit will be OOH when the input is equal to the 
low potential reference voltage. On the other hand, 
the output will be FFH when the input is equal to 
the high potential reference voltage. 25 

The AD converter 4 may be operated with a 
single or a dual voltage source. The following con- 
ditions must be met between the reference voltage 
and the power supply voltages: 

voltage of the negative voltage source ^ low 30 
potential reference voltage S high potential' refer- 
ence voltage S voltage of the high potential source. 

Accordingly, if the A/D converter is driven by, 
for example, a . single voltage source of + 5 volt, the 
minimum voltage of the analog input signal must 35 
be 0 ( = negative power source voltage = low 
potential reference voltage). On a case of an input 
analog signal changing to positive and negative 
voltages around the 0 center voltage, a bias voltage 
is added by the bias voltage summing circuit 2 to 40 
shift the input signal voltage varying from 0 volt to 
the high potential reference voltage before analog 
to digital conversion. In this case, summed with the 
input analog signal is one-half of the high potential 
reference voltage as the bias voltage, thereby out- 45 
putting 80 H from the A/D converter when 0 volt 
input is applied to the bias voltage summing circuit 

In the conventional A/D converter circuit de- 
scribed above has a problem to cause offset in the 
output of the AD converter. For example, a voltage 50 
divider circuit to divide the reference voltage may 
be used for obtaining the bias voltage. However, it 
is difficult to obtain a desired resistance ratio be- 
cause of tolerance of resistors. Setting a desired 
resistance ratio using a variable resistor or a poten- 55 
tiometer is not stable enough due to aging, tem- 
perature variation, etc. Accordingly, the bias volt- 
age may be subjected to considerable changes 
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due to aging, temperature variation, accuracy of 
parts, etc. Also, there may cause offset in the 
analog signal before summing with the bias voltage 
due to the electric characteristic of the amplifier for 
amplifying the analog signal. 

It is therefore an object of the present invention 
to solve the above problem and to provide an A/D 
converter circuit capable of removing the offset in 
the output from the A/D converter circuit. 

In the present invention, any offset from the 
ideal value of the average voltage in the input 
signal to the A/D converter circuit is detected by an 
offset detection circuit In a first embodiment of the 
invention, the detected offset is subtracted from the 
digital output data from the A/D converter to com- 
pensate the digital output data by removing the 
offset in the analog signal and the bias voltage 
from the output data from the A/D converter. Alter- 
natively, the bias voltage is modified by the de- 
tected offset detection circuit in such a manner that 
the average voltage in the input signal, to the A/D 
converter is equal to the ideal voltage, thereby not 
causing any offset in the output from the A/D 
converter. Here, the modification in the bias voltage 
means that the bias voltage is made to be equal to 
the ideal bias voltage and that the offset voltage in 
the analog signal is canceled. 

Other objects and features will be clarified frorrr 
the following description with reference to the at- 
tached drawings, in which 

FIGURE 1 is a block diagram of one embodi- 
ment of the A/D converter circuit according to 
the present invention; 

FIGURE 2 is a drawing to explain how the offset 
detection circuit in FIGURE 1 operates; 
FIGURE 3 is a flowchart to explain the oper- 
ational step of the offset detection circuit 8 and 
the subtractor 7 in FIGURE 1. 
FIGURE 4 is a flowchart to show the operational 
steps of the offset detection circuit 8 and the 
subtractor 7 in FIGURE 1 for correcting unlim- 
ited number of input samples subsequent to the 
sample used for determining the offset voltage; 
FIGURE 5 is a flowchart to show the operational 
steps of the offset detection circuit 8 and the 
subtractor 7 for correcting only predetermined 
number N' of input samples subsequent to the 
sample used for determining the offset voltage; 
FIGURE 6 is a block diagram of another em- 
bodiment of the A/D converter circuit according 
to the present invention; 

FIGURE 7 is a block diagram of yet another 
embodiment of the A/D converter circuit accord- 
ing to the present invention; 
FIGURE 8 is a block diagram of the bias voltage 
summing circuit in FIGURE 1; and 
FIGURE 9 is a block diagram of a conventional 
A/D converter circuit. 
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Preferred embodiments of the present inven- 
tion will be described hereunder by reference to 
the accompanying drawings. 

Illustrated in FIG. 1 is a block diagram of a first 
embodiment of the A/D converter circuit according 
to the present invention in which like reference 
numerals are used to represent similar elements to 
those in FIG. 9. A first embodiment features the 
addition of a subtractor 7 and an offset detection 
circuit 8. 

The analog signal to be applied to an input 
analog signal input terminal 1 has a known average 
voltage but is offset as described above. Samples 
of the input signal will be equally distributed on 
both sides of the average voltage in case of Gaus- 
sian distribution or uniform distribution. Examples 
of such input signals are sinusoidal waveform sig- 
nals and eye pattern signals obtained by ortho- 
gonal demodulation of MSH or QPSK modulation 
signals. An example of asymmetrical distribution is 
a signal due to the electric field fluctuation under, 
for example, Rayleigh fading. Also, an error is 
contained in the bias voltage generated by a bias 
voltage generator circuit 3. Accordingly, the actual 
average voltage V A d of the input signal to an A/D 
converter 4 is represented as follows: 

V AD = V AV + AV + V 8 + AV B (1) 

The ideal average voltage V AD ' is represented as 
follows: 



'AD 



= v AV + V B 



(2) 



where, 
V AV 



ideal average voltage of the analog 
signal 

AV : offset voltage of the analog signal 
V 8 : ideal value of the bias voltage 
AV B : error of the bias voltage from the ideal 
value 

As a result, it is understood that an offset is caused 
in the output data from the A/D converter 4. The 
first embodiment is constructed to compensate for 
the offset in the output data from the A'D converter 
4 as described hereunder. 

An offset detection circuit 8 has two terminals 9 
and 10 for externally receiving the ideal value of 
the bias voltage and the ideal average voltage of 
the analog signal, respectively. Firstly, output sam- 
ples from the A/D converter 4 are used to obtain 
the average voltage of the analog signal which is 
given by the above expression (1). Then, the offset 
(AV + AV 3 ) is detected through mathematical op- 
eration by subtracting the ideai average of the 
analog signal to be applied to the ideal average 
voltage input terminal 10 and the ideal bias voltage 



to be applied to the bias voltage input terminal 9 
from the obtained average voltage, i.e., subtracting 
the above expression (2) from the expression (1). 
A subtractor 7 subtracts the output data of the 

5 offset detection circuit 8 from the output data of the 
A/D converter 4. This results in providing from a 
digital data output terminal 11 a correct digital 
output data in which the offset AV in the analog 
signal and the offset AV B in the bias voltage are 

10 removed. 

Now, the present invention will be described 
more in detail by reference to FIG. 2. 

Illustrated in FIG. 2 is an example of sampling 
a sinusoidal signal expressed by cos (2-Trft) [V] with 

75 V B = 1.5 [V] (201), AV = 0.1 [V] (202), and AV 8 
= 0.2 [V] (203) at the frequency 4f [Hz]. Illustrated 
in FIG. 2(a) is an original waveform of the analog 
signal free from any offset. The voltage samples at 
t = T/4, 2T/4, 3T/4 and T are 0 V (211), -1 V (212), 

20 0 V (213) and 1 V (214), respectively. 

Illustrated in FIG. 2(b) is an input signal 
waveform of a bias voltage summing circuit 2 
which is equal to the analog signal waveform in 
FIG. 2(a) with the offset voltage AV = 0.1 [V] 

25 (202). Accordingly, the voltage samples at t = T/4, 
2T/4 3T/4. and T are 0.1 V (221), -0.9 V (222), 0.1 
V (223), and 1.1 V (224); respectively. 

Now, illustrated in FIG. 2(c) is an input signal 
waveform to the A/D converter 4 added with the 

30 bias voltage V B + AV B = 1.5 + 0.2 [V]. Obtained 
voltage samples at t = T/4, 2T/4 3T/4, and T are 
1.8 V (231), 0.8 V (232), 1.8 V (233), and 2.8 V 
(234), respectively. 

The offset detection circuit 8 detects the aver- 

35 age value 1.8 V of the four samples 1.8 V (231), 
0.8 V (232), 1.8 V (233) and 2.8 V (234). By 
subtracting the known ideal average voltage 0 V of 
the analog signal and ideal value of the bias volt- 
age 1 .5 V, the offset (AV + AV B = 0.3 V ) can be 

40 obtained. In the above example, four samples are 
used to determine the average voltage of the ana- 
log signal. However, it is generally necessary to 
use a large number of samples to obtain average 
voltage of the analog signal. 

45 Tne offset detection circuit 8 and the subtractor 

7 are constructed by a processing circuit to per- 
form the series of processing the sample data from 
the A/D converter 4 as illustrated in FIG. 3. 

In FIG. 3, it is assumed that S is equal to the 

so accumulation of first to K-th sample D(k). In step 
S1, S and K are initialized, i.e., S = 0 and K = 0. 
Then, a K-th sample D(k) is obtained (in step S2) 
and an accumulation S = S + D(k) is obtained (in 
step S3) subsequently, a judgement is made if the 

55 number of sample reaches the predetermined num- 
ber (N-1) (in step S4). If not reached (N-1) K is 
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incremented by 1 (in step S5) to repeat the step 
S2 and subsequent processings on the next sam- 
ple. 

When K = N-1 is detected in the step S4, the 
accumulated value S is divided by the number of 5 
accumulated samples N to obtain the average val- 
ue D A D (in step S6). An offset voltage Dqffset is 
obtained (or assumed) by subtracting the sum D f AD 
of the ideal average voltage of the . input analog 
signal and the ideal bias voltage respectively ap- w 
plied to the terminals 9 and 10 from the average 
value D AO (in step S7). 

The true offset voltage is obtained in this man- 
ner to correct the output digital data from the A/D 
converter 4 using the offset voltage Dqffset- That 75 
is, in order to correct the sample data used for 
calculating the above offset voltage, these sample 
data are temporarily stored in a memory and sub- 
traction processing of the offset voltage Dqffset is 
carried out for the K = 0 sample value D(0) to the 20 
(N-l)-th sample value D(N-1). In step S8, K is 
initialized (K = 0) and subsequently a corrected 
data D'(k) is obtained by subtracting D OF fset from 
the sample value D(k) (in step S9). The corrected 
data D'(k) is derived from an output terminal- 11 (in 25 
step S10). A judgement is made if K reached N-1 
(in step S11). K is incremented by 1 if (N-1) is not 
reached yet (in step S.12) to return to step S9. On 
completing the processing in step S11, the correc- 
tion of the above N samples is finished, the correc- 30 
tion of the subsequent (N + 1)-th sample is carried 
out in the same manner as the steps S9 and S10. 
Processing procedures for unlimited number of 
subsequent correction samples are illustrated in 
FIG. 4. 35 

in FIG. 4, sample value D(k) is obtained (in 
step Sl3),the corrected date D'(k) is obtained by 
subtracting the offset voltage Dqffset from the 
above D(k) (in step S14), and the corrected data 
D*(k) is derived from the output terminal 11 (in step 40 

515) . Subsequently, K is incremented by 1 (in step 

516) to perform the similar processing on the sub- 
sequent samples by returning to step S13. 

On the other hand, illustrated in FIG. 5 is an 
example of performing correction only on predeter- 45 
mined number (N') of samples D(N + 1), D(N+2), 

D(N + N') after completing the processing step 
S11 in FIG. 3. 

The sample D(k) is obtained in step 21 and the 
corrected data D'(k) is obtained by subtracting the 50 
offset voltage Dqffset from the above D(k) (in step 
22). After supplying the D'(k) to the output terminal 
11, a judgement is made if K reaches (N'-1) (in 
step S24). If (N'-1) is not reached, K is incremented 
by 1 (in step S25) to return step S21. Processing is 55 
terminated if K reaches (N*-1). It is the matter of 
course that the offset detection using the sample 
value obtained from the A/D converter 4 and the 



correction of the output data from the A/D con- 
verter can be made after temporarily storing the 
data in a memory or the like. 

Now, illustrated in FIG. 6. is the A/D converter 
circuit according to a second embodiment of the 
present invention. The second embodiment elimi- 
nates the subtractor 7 in the first embodiment. The 
digital output (D OFF set) from the offset detection 
circuit 8 is converted into an analog signal by a 
D/A (digital-to-analog) converter 12 and is applied 
to a bias voltage summing circuit 2' so that the 
average voltage of the input signal to the A/D 
converter 4 is equal to the voltage as given by the 
above expression (2). 

In other words, the bias voltage summing cir- 
cuit 2' is provided with means to correct the input 
analog signal to cancel the offset voltage so that 
the input bias voltage is equal to the ideal bias 
voltage. As a result, an offset free correct digital 
data is derived from the A/D converter 4. It is to be 
noted, here, that the offset voltage D OFFSET derived 
from the offset detection circuit 8 is converted into 
an analog signal by a D/A converter 13 before 
being applied to the bias voltage generation circuit 
3 for previously correcting the bias voltage by the 
bias voltage generation circuit 3 as illustrated in 
FIG. 7. In this case, it is of course true that the 
processing steps S1 through S6 in FIG. 3 are used 
to determine the offset voltage D OFFSE t. 

The bias voltage summing circuit 2 may be 
implemented, for example, by using an operational 
amplifier 14 as illustrated in FIG. 8. The analog 
signal to the input terminal 1 in FIG. 8 is applied to 
the non-inverting input terminal of the operational 
amplifier 14 by way of a resistor R1. The bias 
voltage from the bias voltage generation circuit 3 is 
summed by way of a resistor R2. The inverting 
input of the operational amplifier 14 is returned to 
ground by way of a resistor R3 and is connected to 
the output terminal by way of a feedback resistor 
R4. Two voltage sources +15 V and -15 V are 
used for operating the operational amplifier 14. 

As described above, the A/D converter circuit 
according to the first embodiment of the invention 
corrects the output data from the A/D converter for 
converting the analog signal in the range from the 
low to the high potential reference voltages into a 
corresponding digital data by detecting the offset 
from the ideal value for the bias voltage to be 
added to the input signal to the A/D converter and 
the offset from the ideal value of the average 
voltage in the analog signal. In the A/D converter 
circuit according to the second embodiment of the 
invention, an offset from the ideal value of the bias 
voltage to be added to the input signal to the A/D 
converter for converting the analog signal in the 
range from the low to the high potential reference 
voltages into the corresponding digital data and 
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also the offset from the ideal value of the average 
voltage in the analog signal are detected to correct 
the bias voltage so that the' average voltage of the 
input signal to the A/D converter is equal to the 
ideal value. As a result, the correct digital data will 
be effectively obtained. 

Claims 

1. An A/D converter circuit comprising: 

bias voltage summing means for adding a 
bias voltage to an analog signal; 

A'D converter means for digitizing the out- 
put analog signal from said bias voltage sum- 
ming means in the range between the low and 
high reference voltages; 

offset detection means for detecting the 
offset by subtracting the ideal average voltage 
of the analog signal and the ideal value of the 
bias voltage from the average value of output 
samples from said A/D converter means; and 

subtraction means for deriving the output 
by subtracting the output data of said offset 
detection circuit from the output data of said 
A/D converter means. 

2. An A/D converter circuit comprising: 

bias voltage summing means for adding a 
bias voltage to an analog signal; 

bias voltage generation means for generat- 
ing the bias voltage; 

A'D converter means for digitizing the out- 
put analog signal from said bias voltage sum- 
ming means in the range between low and 
high reference voltages; 

offset detection means for detecting offset 
by subtracting the ideal average voltage of the 
analog signal and the ideal value of the bias 
voltage from the average value of the output 
samples from said A/D converter means; and 

correction means for supplying the output 
of said offset detection means to either one of 
said bias voltage generation circuit or said bias 
voltage summing circuit to correct the bias 
voltage so that the average voltage of the input 
signal to said A/D converter means is equal to 
the ideal value. 

3. An A/D converter circuit comprising: 

bias voltage summing means for adding a 
bias voltage to an analog signal; 

A/D converter means for digitizing the out- 
put analog signal from said bias voltage sum- 
ming means in the range between low and 
high reference voltage; 

means for outputting the accumulated val- 
ue of a predetermined number (N) of samples; 

means for obtaining the average value by 



70 



dividing the accumulated value by N; 

means for detecting the offset voltage val- 
ue by subtracting the ideal average voltage 
value of the analog signal and the ideal value 
of the bias voltage from the average value; and 

subtraction means for outputting the sub- 
traction of the output data of said offset detec- 
tion circuit from the output data of said A/D 
converter means. 



4. The A/D converter circuit of claim 3 wherein 
the correction is made by subtraction operation 
using continuous offset voltage values of the 
samples subsequent to the predetermined 

75 number (N). 

5. The A/D converter circuit of claim 3 wherein 
the correction is made by subtraction operation 
using offset voltage value of a predetermined 

20 number of samples subsequent to the pre- 

determined number (N). 

6. An A/D converter circuit comprising: 

bias voltage summing means for adding a 
25 bias voltage to an analog signal; 

bias voltage generation means for generat- 
ing the bias voltage; 

A/D converter means for digitizing the out- 
put analog signal from said bias voltage sum- 
30 ming means in the range between low and 

high reference voltages; 

means for outputting the accumulated val- 
ue of a predetermined number (N) of samples; 
means for obtaining the average value by 
35 dividing the accumulated value by N; 

means for detecting the offset voltage val- 
ue by subtracting the ideal average voltage 
value of the analog signal and the ideal value 
of the bias voltage from the average value; and 
40 correction means for supplying the output 

of said offset detection means to either one of 
said bias voltage generation circuit or said bias 
voltage summing circuit to correct the bias 
voltage so that the average voltage of the input 
45 signal to said A/D converter means is equal to 

the ideal value. 

7. An A/D converter circuit comprising: 

bias voltage summing means for adding a 
so bias voltage to an analog signal; 

bias voltage generation means for generat- 
ing the bias voltage; 

A/D converter means for digitizing the out- 
put analog signal from said bias voltage sum- 
55 ming means in the range between low and 

high reference voltages; 

means for outputting the accumulated val- 
ue of a predetermined number (N) of samples; 
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means for obtaining the average value by 
dividing the accumulated value by N; 

means for detecting the offset voltage val- 
ue by subtracting the ideal average voltage 
value of the analog signal and the ideal value 5 
of the bias voltage from the average value; 

D/A converting means for converting the 
obtained offset voltage into an analogue signal 
and supplying the converted signal to one of 
said bias voltage generating circuit and said io 
bias voltage" adding circuit; and 

means, in response to the output of said 
D/A converting means, for compensating the 
bias voltage of one of said bias voltage gen- 
erating circuit and said bias voltage adding 75 
circuit. 

8. An A/D converting method comprising the 
steps of: 

adding a bias voltage to an analog signal; 20 
digitizing the added analog signal in the 

range between the low and high reference 

voltages; 

detecting an* offset by subtracting the ideal 
average voltage of the analog signal and. the 25 
ideal value of the bias voltage from the aver- 
age value of said digitized data; and 

deriving the output by subtracting said de- 
tected offset from said digitized data. j 
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